The control region of mitochondria) DNA, known to be the most variable in the genome, was ana lyzed so as to assess its suitability for examining genetic variability and population structure in the Japanese flounder. A total of 424 nucleotide sites, including the proline transfer RNA gene and the first half of the control region, was sequenced from 55 specimens from Niigata, Honshu and Sado Island, off the north-western coast of Honshu. Out of 350 nucleotide sites on the control region, 126 (36.0%) were variable, 54 haplotypes being found. Differences between nucleotide sequences ranged between 0 and 8.3% with an average (=nucleotide diversity) of 4.33%, indicating that the control region of the mitochondrial DNA in the Japanese flounder is characterized by extremely high variability. The fre quency in occurrence of specific nucleotides in 2 sites in the Niigata sample differed significantly from that in the Sado Island sample. This result accorded with previous studies which suggested Japanese flounder populations in Niigata and Sado belong to different local populations.
The Japanese flounder Paralichthys olivaceus is known to occur along the coasts of Japan, Korea and China, being most common off the north-western coast of Japan, 1,2) and is one of the most important species for the coastal fisheries in Japan, with approximately 7,000 metric tons taken annually. In recent years, however, the catch has been declining and investigation of the structure of lo cal populations is required for stock management of the species. Earlier attempts to assess the population structure of the Japanese flounder, using allozyme analyses, had not found any genetic population differentiation possibly be cause of the lack of sufficient genetic polymorphisms.3) Re cently, mitochondrial DNA (mtDNA) has been used in population studies because of its compactness, almost total maternal inheritance and fast evolutionary rate com pared to nuclear DNA. [4] [5] [6] The highest rates of base substi tutions and insertion/deletion events in mtDNA have been found in the first half of the control region (adjacent to the proline transfer RNA gene), probably because of reduced functional constraints.7-10) Therefore, population studies of fishes have focused on sequences in the control region. 11, 12) Sequencing of the mtDNA control region of Japanese flounder from the north-western coast of Honshu, Japan was performed so as to examine its variability. Sequences from samples which have been considered to belong to different local populations were compared and the suitabil ity of the sequence data for stock structure analysis of this species was examined. Sequence Analysis Sequences were determined from the results using for ward and reverse primers, and internal primers if necessa ry. Once determined, they were confirmed by comparison with the carp sequence.18) A total of 55 sequence data were aligned so as to detect variations. Sequence differences were calculated with PAUP Ver.3.Os.19) The frequency differences in occurrence of a specific nucleotide between the Niigata and Sado Island samples were tested with Fisher's exact probability test at each hypervariable site (at which the frequency of the dominant nucleotide was less than 90% in at least one sample).
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The segments (total length 550 bp) were amplified after PCR and 424 by sequenced unambiguously. Comparison with the sequence from the carp18) verified that the ob Of the 74 by of the tRNAPro gene, 4 sites (5.4%) were variable, with only transitions being detected. In contrast, 126 sites (36.0%) in the control region were variable. Tran sitions, transversions, both transitions and transversions, and single base pair insertion/deletion events were ob served at 88, 10, 22 and 6 sites, respectively (Fig. 3) . The frequency of variable sites in the control region was more than six times that in the tRNAPro gene. An extremely high frequency of variable sites (>40%) was detected at posi tions 100-175 and 250-275. The region between positions 25 and 75 was, by contrast, rather conserved (< 15%, Fig.  4) .
Pairwise sequence differences were also found to be high as 0 to 8.3% with an average (= nucleotide diversity20) of 4.33%, reflecting the abundance of variable sites. These in the control region were somewhat higher in the Sado Island samples (2.0 to 7.4%; average, 4.90%) than in the Niigata samples (0 to 8.0%; average, 3.96%). Values between the two samples ranged from 0.9 to 8.3% (4.49% on average), with a net sequence difference of 0.06% (Ta ble 1).
Of the 126 variable sites in the control region, 31 were hypervariable ( Table 2 ). The composition of nucleotides at the hypervariable sites suggested a pattern in the base sub stitutions. Transversions were dominant between positions 130 and 162, where an extremely high frequency of varia ble sites was detected (Fig. 4) . A-G transitions were dominant between positions 186 and 194, adjacent to the transversion-dominant zone. T-C transitions were dominant between position 226 and 274 ( Table 2 ).
As shown in Table  2 The frequency of variable sites in the first half of the con trol region in the Japanese flounder (36.0%) was greater than that reported for any other fish species; the frequency was only 0.4% in the chum salmon (Oncorhynchus keta)12) and between 1.35 and 2.4% in individual cichlid species.21) In fact, the present value was as high as that for twelve in tergeneric species of cichlid fishes.16) Pairwise sequence differences in the Japanese flounder individuals were also high, being equal to interspecific differences between close ly related cichlid fishes. 16,17,21) It has been reported that the evolutionary rates of protein coding genes in fish mtDNA are slow compared with mammals. 13,22-25) However, in the first half of the control region of the Japanese flounder, the frequency of variable sites was about three times higher than in the kangaroo rat (Dipodomys panaminti nus) and house mouse (Mus domesticus), and 1.5 times higher than in human. Pairwise sequence difference ob served in this study was double that of the kangaroo rat, house mice, and human. 9, 26, 27) There are two possible explanations for this observation of high sequence variability in Japanese flounder. Theoreti cally, the level of genetic variability held in a population tends to be positively correlated with the effective popula tion size. Thus, one possibility is that this species might have continued having large population size and the high sequence variability has been maintained in it. Indeed, Japanese flounder is distributed widely around Japan; over I million individuals have been landed in a single year in Niigata Prefecture alone. In addition, it is considered that the population size of ground fish is more stable than that of pelagic fish in general. It is plausible that Japanese flounder may have existed in large populations in a rather stable sea environment for a long period of time compared with freshwater fish and terrestrial mammals. Alternative 1Y, but not exclusively to the above possibility, the se The frequency of occurrence of specific nucleotides at some sites in the mtDNA control region in Japanese flounder was significantly different between the Sado Is land and Niigata samples. Japanese flounder inhabit shelf waters shallower than 150 m, whereas Sado Island is sur rounded by waters deeper than 200 m (Fig. 1) . From the ecological information and tagging studies, the population around Sado Island has been considered to be separated from those along Honshu.29) This separation may have resulted in the genetic differences observed between them. Japanese flounder spawn pelagic eggs, larvae undergoing a planktonic life for one or two months before settling on the bottom.30,31) Along the north-western coast of Japan, eggs and larvae could be transported by the Tsushima Cur rent, which flows from the southwest to the northeast. Mano Bay, Sado Island faces west, enabling direct recruit ment of larvae from the western areas beyond the Nato Peninsula. In fact, Japanese flounder larvae have been col lected in the open water column between the Noto Peninsu la and Sado Island.*4 This recruitment mechanism, together with a low level of gene flow across the Sado Channel, might also account for the genetic difference be tween the Sado Island and Niigata populations. Further ex tensive analyses should provide useful data for stock struc ture of the species.
In recent years, artificially raised juvenile Japanese flounder have been released around Japan. Because the ar tificially raised stocks are very inferior to wild stocks in their genetic variability,*5 probably due to the restricted number of parents used, they may be harmful genetically to wild flounders from the point of view of ensuring reproduction.
Consequently, monitoring of genetic variability should also be undertaken.
